Background. Venous insufficiency is still a serious clinical problem. The exact cause and molecular mechanisms of this disease are still unknown. In this study, we try to identify whether there is a difference in the level of trace elements between healthy and pathological veins. Our results show that insufficient veins have different levels of some trace elements: magnesium, calcium, manganese, and silicon compared to control samples. This study could lead to a better understanding of the molecular causes of venous insufficiency and may help to develop better methods of treatment.
Introduction
Venous disease with concomitant varicose veins is presently a very common clinical phenomenon consisting of the destruction of vein valves, backward blood flow (venous reflux) and dilated veins. 1 This in turn, may lead to serious complications, such as thrombosis, skin changes and leg ulcers. There are many genetic, hormonal and environmental factors affecting the development of varicose veins. The exact mechanism of their formation has not been identified. The main destructive factor is venous hypertension, which may lead to the remodeling of vein walls and vein valves. 2, 3 It is thought that long-term high pressure in veins may activate matrix metalloproteinases (MMPs), initiate coagulation and complement cascades, and activate platelets, leukocytes and macrophages as well. 1, 2, 4 Matrix metalloproteinases destroy the extracellular matrix, affect smooth muscle cells, and change the properties of the endothelium layer. These processes tend to reduce the flexibility of vein walls. Activated leukocytes escape via damaged endothelium outside the capillaries, starting inflammatory processes. Then, proteins like fibrinogen build a cuff around the capillaries, interfering with the gas exchange between the blood and the extracellular environment, which then leads to further damage of vein walls. 1, 2 The role of trace elements in vein pathology is not yet fully understood, but it is known that they play a significant role in tissue metabolism. Many studies suggest that iron (Fe) could be important in the development of venous diseases, but the cause of these iron deposits in the legs of patients with venous diseases is not yet known. 5 It has been suggested that this process is connected with activated MMPs or free radicals. [5] [6] [7] There is also a hypothesis that iron is not a direct cause of venous abnormalities, but only a factor which intensifies the autoimmune response.
8 Zinc (Zn), manganese (Mn) and copper (Cu) ions are associated with an active center of superoxide dismutase (SOD) and participation in free radical neutralization. [9] [10] [11] It is thought that reactive oxygen species (ROS) play a significant role in the development of the endothelial dysfunctions which are connected with venous diseases, such as varicose veins and venous ulcers. [12] [13] [14] Zinc, Cu and Fe ions also participate in free oxygen radical formation and may be involved in damage leading to chronic venous insufficiency. 7, 15 Zinc is an important trace element for the immune system. 16, 17 In in vitro tests, high levels of Zn led to cell apoptosis. Most of the zinc (90%) in the human body is contained in the muscles and bones. 16 Copper is also an important trace element for human health -the body needs Cu in the appropriate amount, but excessive amounts are confirmed to have toxic properties. 18, 19 Copper deficiency causes many abnormalities, e.g., problems with the absorption of iron leading to cellular iron deficiency, disorders of the immune system and weakness of the walls of the blood vessels. 7, 20, 21 Copper is needed as a structural component or catalyst by many proteins. 7 One of the important copper-containing proteins relevant to the construction of the blood vessels is lysyl oxidase. It is responsible for stiffness and elasticity as a result of the fact that it allows bonding between collagen and elastin. 7, 22 Manganese is needed for the proper functioning and metabolism of cells. 23 However, in vivo and in vitro studies showed the toxic properties of Mn in high doses, especially for the central nervous system and PC12 cells (used as an in vitro model of neuronal cells). [23] [24] [25] Age-related changes were previously reported in the arteries and veins. 26 The magnesium (Mg) content in the veins increases with aging, which may play a role in the development of vein wall diseases. 27 Magnesium Mg
2+
ions are known as an enzyme cofactor. 28 Signaling pathways, ATPase activity, and the channel and metabolic regulation of the cell cycle are all dependent on Mg 2+ content. Magnesium deficiency is connected with the occurrence of many disorders, such as osteoporosis, hypertension, heart arrhythmia, impaired glucose tolerance, and serum cholesterol. [29] [30] [31] A reduced level of magnesium also increases oxidative stress and can reduce erythrocyte SOD concentrations. 30 Calcium (Ca) is involved in many metabolic processes. It occurs in the human body mainly in the bones and teeth in the form of calcium hydroxyapatite. Accumulated calcium in the bones constitutes a reserve for the functioning of the body. 32 Calcium ions are used to carry cellular signals and as transporters across cell membranes. 33, 34 They also regulate intracellular mechanisms by binding to proteins. The cellular level of Ca 2+ is precisely regulated -a significant increase in the calcium level can lead to apoptotic changes. 34 Metabolic processes involving Ca ions are critical for the functioning of the vessels, muscles, nerves, and the endocrine system. 32 Silicon (Si) is an important element in the biology of all living organisms -small amounts of this element are essential for their proper functioning. 35, 36 It plays an important role in the connective tissue (bone, cartilage, skin, and blood vessels). 37, 38 It is believed that Si is associated with the content of collagen and glycosaminoglycans in the connective tissue matrix. 38, 39 Changes in the Si level of pathological tissues have been observed (e.g., in atherosclerotic tissue). 40 In vitro studies suggest that Si could have neuroprotective or neurotoxic properties (depending on the concentration). 41 In our study, we determined the content of trace elements -Cu, Fe, Mn, Mg, Zn, Ca, and Si -found in human veins affected by chronic venous insufficiency and compared this data with the levels of the same trace elements found in healthy, sufficient human veins. It was confirmed that the concentrations of elements in tissue are often correlated with each other. 42 For this reason, the opportunity to check the correlation of various trace elements in healthy and pathological veins was taken. 
Material and methods

This
Reagents and solutions
EMSURE
® ACS grade reagents, i.e., concentrated HNO 3 (65%), HCl (36%) and H 2 O 2 (30%) solutions were purchased from Merck Millipore (Merck KGaA, Darmstadt, Germany). Aqua regia was freshly prepared by mixing concentrated HCl and HNO 3 solutions at a 3:1 volume ratio. Deionized water from an EASYpure ™ water purification system (Barnstead Thermolyne Corp., Dubuque, USA) was used throughout. A Certipur ® multi-element stock (1000 μg/mL) ICP standard solution IV (Merck KGaA) was used for preparing simple and matrix-matching standard solutions for the calibration of the inductively coupled plasma-optical emission spectrometry (ICP-OES) instrument.
Samples and their preparation
An inorganic solution, made directly from human veins, was fabricated using microwave-assisted wet digestion, whereby the disinfected human veins were combined with HNO 3 and H 2 O as well as NH 4 OH, for pH control. First of all, the received disinfected human veins were subjected to thermal treatment using an electric furnace at a temperature of 550°C for 1 h. Following typical preparation procedures for a final product containing all microelements, the inorganic powder was first dissolved in an excess of HNO 3 in order to create an inorganic solution. This inorganic solution was then transferred into a teflon vessel and placed in a microwave reactor. After 60 min of microwave-stimulated hydrothermal processing at 200°C, and under an autogenous pressure of 45 atm, the pH of the dispersion was then adjusted to approx. 7 with the addition of NH 4 OH. The resulting composition of the prepared solutions was then determined by inductively coupled plasma-optical emission spectrometry (ICP-OES).
Apparatus
A bench-top optical emission spectrometer, model 720 (Agilent, Santa Clara, USA), with an axially viewed Ar-ICP and a 5-channel peristaltic pump, was used to measure the concentrations of Cu, Mn, Fe, Mg, Zn, Ca, and Si (trace elements). The instrument was equipped with a high-resolution echelle-type polychromator and a VistaChip II CCD detector (Agilent) cooled down to -35°C on a triple-stage Peltier device. The plasma was sustained in a standard 1-piece, low-flow, extended quartz torch with a 2.4 mm inside diameter injector tube. A single-pass glass cyclonic spray chamber and a OneNeb pneumatic concentric nebulizer made of a high-tech PFA and PEEK polymers were used to introduce the sample solutions by pneumatic nebulization. Operating conditions recommended by the manufacturer for solutions containing high levels of dissolved solids were applied: an RF power of 1200 W, a plasma gas flow rate of 15.0 L min −1 , an auxiliary gas flow rate of 1.5 L min 
Characteristic of groups
In this study, 2 different groups of patients were enrolled. One group of 11 patients (study group) was referred for surgery due to symptomatic vein insufficiency in 1 or both legs according to Clinical, Etiological, Anatomical, and Pathophysiological (CEAP) classification C2S, Ep, As, or Pr. The other group, consisting of 14 patients (control group), underwent cardiac coronary bypass grafting due to symptomatic arterial coronary insufficiency. The proximal and distal segments of the great saphenous vein were obtained from patients via a striping procedure (study group), while the patients with healthy veins (control group) underwent elective coronary artery bypass grafting, whereby excess vein was obtained from the proximal and distal vein segments. Patients were matched for age, sex and major risk factors (data not shown). Vessel segments were harvested using a non-touch technique before surgical distension or rapid removal. The segments were immediately transferred to physiological saline solution and stored in a refrigerator at a temperature of -20°C.
Statistical analysis
The results were statistically analyzed using the STATIS-TICA v. 12 software (StatSoft, Tulsa, USA). The ShapiroWilk test showed no normal distribution in the samples. The Mann-Whitney U test, Spearman's rank order correlation (R), Friedman ANOVA, and Kendall's coefficient of concordance were applied.
Results
Differences in the levels of elemental ions in insufficient veins compared to control samples were observed and analyzed in each group (the Friedman ANOVA) (Fig. 1) . Statistically significant differences (the Mann-Whitney U test) compared to controls were observed (Fig. 2) . A statistically significant difference (p = 0.007) in the Mg ion level in varicose veins compared to controls was noted (Fig. 2e) . Differences in Mn (p = 0.067), Ca (p = 0.085) and Si (p = 0.075) levels were close to the margin of statistical significance (Fig. 2b, 2f, 2g) . The concentrations of microelements in the studied human veins are presented as mean % mass concentration (C%) of trace elements in the mineral part of tissue samples.
A statistically significant (p > 0.05), positive and strong correlation (Spearman's rank order correlation) between the levels of some trace elements were observed for the study group (Table 1 ) and control group (Table 2 ). In the investigated group, correlations between the Ca and Mn ion levels (R = 0.71; p = 0.01), and the Ca and Zn levels (R = 0.93; p = 0.00004) were observed. In the control group, a correlation between these pairs was also observed (R = 0.58; p = 0.03 and R = 0.88; p = 0.00003, respectively), with a common correlation for both groups being noted.
Discussion
Similar research has already been done, but there is very little literature available for comparison. The pioneer study of ferrous content in veins was performed by Krzyściak et al. 6 One of the mechanisms involved in chronic venous disease is the destructive effect of free oxygen and free nitrogen radicals. The authors showed that Fe ions were involved in the oxidative damage mechanism which caused tissue altering via the Fenton reaction. Oxidative stress correlated with insufficiency in the venous tissue, and increased SOD activity was observed compared to normal venous tissue. 15 An increased level of iron in the skin of patients with chronic venous disease was described by Myers in 1966. 43 Degradation of hemoglobin, as well as Fe release, was associated with erythrocyte dysfunction. Moosavi et al. showed increased concentrations of iron and copper in the walls of varicose veins compared to controls, using a proton-induced X-ray emission (PIXE) analysis. 44 Determining the content of trace elements in tissues is still a subject of research, though environmental contamination due to metal ions and the bioaccumulation ratio needs to be assessed as well. 45, 46 The level of trace elements in tissue is a reflection of the general health and metabolic status of the individual. 47 The level of metal ions significantly depends on the type and location of the tissue being measured. Determining the level of trace elements may have a diagnostic application in such tissues as brain and blood serum. 47, 48 The level of SOD, oxidative DNA damage, and increased levels of iron, copper and zinc ions were also observed. 27, 30 SOD functions as a free radical scavenger. In oxidative stress conditions, increased antioxidant activity must be correlated with increased levels of enzymatic cofactors like Zn, Mn and Cu ions. 15 The analysis of our results shows the differences between normal and insufficient veins. The Cu, Zn, Mn, and Ca ion levels had higher maximum values and slightly higher mean values compared to normal. Increased levels of these ions were observed in chronic venous insufficiency (CVI). Moreover, the Mn and Ca ion levels were close to being statistically significantly different from the control. These results are consistent with the literature and suggest a role of an SOD-, Cu-, Mn-, and Zn-dependent enzyme in CVI. Even though only a few articles dealing with a similar subject were found, the results obtained in this study were consistent with the data in the existing literature. 6, 15 The iron ion levels were the highest detected, but the difference between altered and normal veins was not statistically significant.
The reduction of vein wall elasticity is one of the symptoms of venous insufficiency, which, in our opinion, could be associated with a decreased level of silicon, considering the role of this trace element in fiber synthesis. Our study shows decreased levels of Si in insufficient veins. These levels were considerably lower, as predicted, and the results were close to statistically significant. To our knowledge, at present, there are no other reports in the literature about the Si levels in similar research.
We found that the magnesium ion levels were higher in varicose veins compared to the control (p = 0.0067). This result may suggest that magnesium ions play an important role in the mechanism which occurs during venous insufficiency, and very probably in vein wall structures as well.
Differences in the correlation patterns of trace elements between normal and varicose veins may suggest homeostatic destabilization associated with vein disease. In addition, they could also suggest a significant role of trace elements in chronic venous disease.
The current study is only a preliminary one. There is a need to perform further research, with an increased size of the study and control groups. Future studies are planned to assess the impact of gender on the levels of trace elements in a larger group.
Conclusions
This paper shows the levels of certain ions in insufficient and normal veins, particularly the differences between the concentrations of Mg, Mn, Ca, and Si. This study is preliminary in nature, but the data obtained suggests that the oxidative damage mechanism is involved in the development of varicose veins and chronic venous insufficiency. 
